On the arable land of the Rosovka Stream alluvium in the Czech Republic, a windbreak containing native woody species, was planted within a restoration project. This study evaluates the effect of that planting of three different tree sizes, on the rate of growth. The sizes of transplants employed in this study included small (1.0 -1.5 meters tall), medium-sized (2.0 -2.5 meters tall) and large (with a trunk circumference of 0.1-0.12 meters). The following native tree species, from the Eurosiberian region, were used: Quercus robur L., Carpinus betulus L., Fraxinus excelsior L., Acer campestre L., Acer pseudoplatanus L., Tilia cordata Mill., and Prunus avium L. Growth rates were monitored over a five-year period. Small transplants had the highest growth; they grew approximately 0.4 meters more than transplants from the other size categories. Our results show that the selection of the size of transplant has a significant impact on development and growth. However, differences in the post-transplant responses of individual species were found.
Introduction
Windbreaks have a favorable impact on intensively farmed landscapes; they help improve agricultural production [1] [2] [3] [4] [5] and are an important component of agricultural management systems [6] [7] [8] . They also favorably influence the microclimate of the respective territory and prevent wind erosion [9] [10] [11] .
With regard to a multipurpose use of landscapes and their conservation, [12] [13] the importance of windbreaks and hedgerows for improving the biodiversity of respective territories has been reported [14] [15] [16] [17] . To a great extent, planting woody species in an agricultural landscape also improves its esthetical value [18] . Accordingly, windbreaks could also be a part of landscape planning aimed at the conservation of the natural setting and landscapes in an agricultural setting [19] .
As far as natural and landscape conservation is concerned, native woody species should be used for planting [20] . Several studies support using the data about potential natural vegetation for these purposes [21] [22] [23] [24] .
To accelerate the establishment of a taller windbreak barrier without using fast-growing woody plants, relatively tall tree seedlings are often used. This approach is frequently discussed because of the associated high financial costs and unsatisfactory seedling growth.
This study aims to compare the differences in the growth of native woody species commonly used in Central European rehabilitation projects on arable land in response to three seedling sizes used.
Experimental Procedures

Experimental site
Experimental plantings were undertaken in a fertile, intensively farmed landscape, at the village Klapý, near the town Libochovice (Czech Republic; latitude 50º 25´ 50´´ N, longitude 14º 0´ 20´´ E). Experimental plots were established in the alluvium of the Rosovka Stream. The territory has been farmed since prehistoric times. It is formed from a moderately undulating plateau at 200 to 260 meters a.s.l. The plateau is part of the Czech Cretaceous Basin, formed in this area mainly by marls (see [24] for detail). Mean annual air temperature is 8.5ºC, while mean annual precipitation reaches 474 mm (see Figure 1 for detail). Meteorological data were obtained from the Doksany station, close to the experimental site.
According to the Map of Potential Natural Vegetation, [25] [26] [27] alluvial forests spread out in the alluvia of minor watercourses in the area studied, (Alnenion glutinosoincanae Oberdorfer 1953). However, because of drainage in the territory's alluvial sites, these habitats have shifted to more xerophilous communities. Apart from the alluvial sites, potential natural vegetation on most of the area would consist of sub-xerophilous oak forests (Quercion petraeae Zólyomi et Jakucs ex Jakucs 1960).
The existing landscape is faced with many challenges; e.g., wind erosion, disturbances in the water cycle, significantly reduced biodiversity. Strong wind erosion, mainly from the intensive use of large areas of arable land with no separating elements or permanent vegetation, particularly causes many problems.
Hydrology, pedology and hydropedology of the site
The site is located along the Rosovka Stream, which was continually affected by the recent construction of a new pond. Human activities are influencing the present state generally, and hydrological conditions have been similarly affected in the locality for thousands of years.
The configuration of the soil surface clearly indicates the remains of pattern of old water flows, some of which operated only seasonally. It can be assumed that existing drainage manholes and some remains on soil surface currently reveal the pre-existing flow of water, which was replaced by a drainage pipe. It is located perpendicularly to the windbreak. The fields located northeast of the site, (and close to the road Klapý-Chodovlice), are systematically drained. The collected water is probably discharged into the drainage pipe and then to the open ditch terminating in the Rosovka Stream. Drainage manholes indicate the direction and location of the drainage pipe. The locality contains the remains of an observation borehole, and in early days was equipped with a water-stage record, now out of order. The Klapský Stream and its tributaries form the drainage base, the Rosovka Stream, flowing through the village of Lkáň towards the village Klapý, is part of this system. The hillsides suffer from periodic erosion; unfortunately both water and wind erosion is taking place, depending on the soil moisture conditions during the year. The site's soil conditions are characterized by mainly heavy and very heavy Chernozem soils.
Due to these physical features, the locality can be very wet on occasion, a factor related to poor internal soil drainage. The soils have been formed on the loess and the loess loam materials containing large amounts of clay and clayey particles observed in the particle size distribution curves. The substrates in the locality were part of the process of soil formation. The soils in the locality are classified as Verti-haplic or Calcarohaplic Chernozems (CH) belonging to the WRB: IUSS/ FAO/ISRIC designation.
The hydraulic conductivity of these soils is very limited, and the depressions can collect and hold rainy water for a couple of days on the surface. The skeleton is almost absent in these soils and wet soils are quite sticky. 
Soil survey, basic physical and agrochemical properties
The results of the soil survey and related laboratory analyses are presented in tabular form and in figures.
The particle densities of soils and the respective agrochemical analyses of the soil samples, taken from nine boreholes in the windbreaks are presented in Table 1 . Particle size distribution curves for the topsoil and subsoil are presented in Figures 2 and 3 . The data represented the situation in the locality at the very onset of tree planting.
Planting material, site preparation and experimental design
The experimental plantings made up a part of a new windbreak located near the Rosovka Stream. The total area of our experimental plots was 4, 680 square meters. In total, 672 trees were planted. Native woody species suitable for this habitat were used for planting. Species composition was adjusted to the changed alluvium habitat conditions as a consequence of drainage. The following trees were used: English oak (Quercus robur L.), European hornbeam (Carpinus betulus L.), European ash (Fraxinus excelsior L.), field maple (Acer campestre L.), Norway maple (Acer pseudoplatanus L.), small-leaved linden (Tilia cordata Mill.), and wild cherry (Prunus avium L.).
For planting, the following three transplant sizes were used: a) small: seedlings of 1.0 -1.5 meters in height b) medium-sized: seedlings of 2.0 -2.5 meters in height c) large: larger trees with a circumference of 0.1 -0.12 meters in the trunk Transplants from all size categories were barerooted, except those of Quercus robur and Carpinus betulus where the roots were in soil. The planting trials were established on arable land. The plots were prepared for planting using mechanical methods, such as plowing and slashing. Because the transplants were sufficiently large, no protection against weeds was applied after planting.
The experiment was carried out in a 550-meter long and 7.8-meter wide part of the windbreak. Transplants from all size categories were planted in 50-meter segments, each in four randomly located replications. In each replication, 168 transplants (e.g., 24 transplants of each tree species), of a randomly established mixture of the tree species used, were manually planted in three rows at regular distances. In total, 96 transplants were planted for each tree species in one size category.
Soil data collecting and processing
A soil survey was done in April 2002. In total, nine boreholes were drilled (Eijkelkamp augers, 7 and 4 centimeters in diameter), to the depth of 100 centimeters except borehole S1, which was 125 centimeters. Only one pit, S9, showed the presence of ground water around 60 centimeters below the soil surface. This water level corresponds with the free water level in the nearby stream.
The boreholes were drilled in the center of the windbreak. The soil samples were taken from each pit and at different depths. Physical and agrochemical laboratory analyses were performed using standardized methods of analyses. Particle density of soils, ρ z was measured using the pycnometer method [28] .
Agrochemical data were collected using the following standard chemical analyses: Ca (method AAS), K, Mg, and P, and pH in KCl. Values of H.I. were statistically processed in the same way as described above. 
Plant data collecting and processing
Results
Impact of planting size on growth of woody plants
The survival rate of large and medium-sized transplants was close to or exactly 100%. The survival rate of small transplants was slightly lower, ranging from 86% (Tilia cordata) to 100% (Quercus robur, Carpinus betulus).
Throughout the five-year period after planting, growth of woody plants was significantly influenced by the species of woody plants as well as transplant size ( Table 2 ). The interaction of both these factors was also significant, i.e., the monitored transplant size categories growth was woody-species dependent. In spite of this, however, throughout the five-year period after planting, small seedlings generally grew the most. They were followed, with significant differences, by the mediumsized and large seedlings.
Average growth of the small transplants for the fiveyear period was 1.2 meters, while that of the mediumsized was 0.8 meters. The large transplants had the lowest average growth, i.e., 0.7 meters.
Significant interaction of transplant size and woody species (Table 2) illustrated that not all large tree transplants had the lowest growth. The results of evaluations carried out for individual species showed that, five years after planting, statistically significant differences in the growth existed, depending on the transplant size for more than half of the monitored woody plants (see Figure 4) .
Compared with the other types of seedlings, a significantly greater growth of the small seedlings was registered for Quercus robur, Acer pseudoplatanus, and Acer campestre. In the case of Carpinus betulus, the large seedlings showed significantly lower growth. and Prunus avium, no statistically important differences were demonstrated between the three transplant sizes used.
In addition, throughout the five-year period after planting, higher growth was registered for Prunus avium and Acer pseudoplatanus regardless of transplant size. In contrast, Quercus robur, Fraxinus excelsior, and Carpinus betulus belong to woody species with lower growth. The height of large transplants of Quercus robur and Carpinus betulus, for which dried treetops were found, even decreased.
Growth rate
Growth rate was expressed as a regression coefficient (i.e., H.I. = Height Increase) of dependence of annual increase in height on time. Results of the hierarchical ANOVA of Height Increase of woody species show that, throughout the five-year period after planting, Height Increase of woody plants was significantly influenced by the woody plant species as well as the transplant size (Table 3) . Also the interaction of these factors (A × C) was significant.
Growth curves of woody species transplants for all three categories of size are depicted in Figure 5 . The growth of transplants from all three monitored size categories stagnated in the first year after planting. A decline in the growth of the medium-sized and large transplants was registered because of the dried treetops. The small seedlings had a more balanced growth. Height Increase of small and medium-sized seedlings was significantly higher than that of the large transplants. It means that smaller transplant heights increased at a significantly faster rate (P<0.05) than that of larger transplants.
Because of the significant interaction of seedling size and woody species, we can conclude that individual species of woody plants had a different growth rate within the monitored transplant size categories. No significant differences in the Height Increase, depending on seedling size, were demonstrated throughout the monitored period for the species, Fraxinus excelsior, Tilia cordata, and Prunus avium.
The species Quercus robur, Acer pseudoplatanus, Carpinus betulus, and Acer campestre showed some statistically significant differences in growth rate, (see Table 4 ). The growth of Quercus robur and Carpinus betulus large transplants was virtually stagnate throughout the monitoring period, and was manifested by a significantly lower Height Increase than that of the small transplants. The large transplants of Acer pseudoplatanus and Acer campestre, decreased in size in the first year after planting as a result of dried treetops. However, in subsequent years, their growth rate increased, reaching relatively high H.I. values. These species' drying treetops were probably caused by the higher sensitivity of these species to transplanting shock, which under landscape conditions is often more intensive because of less intensive cultural practices, especially concerning irrigation.
The medium-sized transplants of Acer campestre had lower H.I. values than both the small and large transplants, while their growth showed a continuous linear character. Quercus robur, Acer pseudoplatanus, and Carpinus betulus medium-sized seedlings had stagnated growth and reduced size during the first year as a result of dried treetops. Their growth rate, however, was so fast in subsequent years that they reached high HI values.
The small Quercus robur and Acer pseudoplatanus transplants had a relatively balanced growth rate from the beginning of planting. The same was true for small Carpinus betulus and Acer campestre transplants from 2002. 
Discussion
Although after five years hardly any small or mediumsized transplant reached the height of a large one, our results indicate that the significantly largest total growth was registered for the small transplants.Similar findings were reported in the United States [29] [30] [31] [32] [33] . Smaller plantings recovered more quickly from posttransplant stress than larger ones. Large tree transplants require a longer establishment period due to the additional annual root spread increments required to develop a root system equal to the original root spread [31] . Other studies [34, 35] report that planting transplants that are too small, may also not be successful. However, our results also indicate that larger individuals of certain woody plant species respond differently to transplanting. In current experiment, transplanting was the most difficult for the species Quercus robur and Carpinus betulus whose height, as a result of dried tree tops, even decreased. On the other hand, for some species (Fraxinus exelsior, Tilia cordata, and Prunus avium), no statistically significant differences in seedling growth of the three used transplant sizes were found. The differences in transplant growth for individual woody plant species after planting confirm the hypothesis that the rates of establishment are also dependent on the species of plant studied [36] [37] [38] [39] [40] . The growth of the transplants also depends on many other factors, such as environmental conditions, physiological status of tree transplants, time of year, cultural practices and the type of root system [36, 41, 42] . Heavy and very heavy Chernozem soils, which make up the soil cover of the site examined are, from an agricultural point of view, excellent soils because of the soil nutrient and humus content, and the pH. Complications may occur as a result of the specific soil water regime. Hillsides are affected by periodic erosion, depending on the soil moisture conditions during the year. Due to the high clay content, the saturated hydraulic conductivity of the topsoil does not allow water after some period of time of rain, to infiltrate easily into the soil, and the soil has a low water retention capacity. Some local depressions are temporarily quite wet after rainy periods, marked stagnation of rain water for several days on the soil surface was observed. However, sampling tests indicate very dry soil under the thin topsoil layer. This indicates poor internal soil drainage. This soil behavior may influence the growth of plants and can be one of the factors in bad growth and/or death of some transplants.
Additionally the results of the five-year monitoring of growth generally show that smaller transplants, due to a faster rate of overcoming post-transplant stress, have more balanced height increases. This is comparable to the observations of other authors [28, 29, 43, 44] . Additionally, the lack of statistically significant differences in height increase or in growth for some species (Fraxinus excelsior, Tilia cordata, and Prunus avium), established differences among these species and the others tested. Our results confirmed the data summarized by Watson, [44] that the size of transplanted trees has a measurable impact on establishment rates, and that smaller transplanted trees recover more quickly and thereby grow faster than larger transplants. However, we found differences in post-transplant responses of individual species native to Eurosiberian region. These interspecific differences were also recorded from the investigation of establishment and growth in seedlings of Quercus robur, Fagus sylvatica, Prunus avium and Crataegus monogyna, from Sweden, [45, 46] and cited from the tropics [47] . There was nearly no difference in survival rate observed with the transplant sizes studied.
Conclusion
After monitoring the growth of three different sizes of woody species transplanted in the windbreak of the Rosovka Stream alluvium at the village Klapý (Czech Republic) we can conclude the following:
The highest growth was registered for small transplants. Total height increase after five years was approximately 0.4 meters higher in comparison with the medium-sized and large transplants.
Significant growth rate differences were found among woody species, established by using different transplant sizes. Differences were established for the species Quercus robur, Acer pseudoplatanus, Carpinus betulus, and Acer campestre. On the other hand, no significant differences were demonstrated in the growth rate for Fraxinus excelsior, Tilia cordata, and Prunus avium.
Regardless of transplant size, the highest growth was registered for Prunus avium and Acer pseudoplatanus, and the lowest growth was recorded for the species, Quercus robur, Fraxinus excelsior, and Carpinus betulus.
Our results show that the selection of transplant size can have a significant impact on transplant development and growth. Therefore, an adequate selection of planting material size can significantly contribute to an efficient use of financial resources.
